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: .' -:· .-. : . ' ' .. ' :- ·_ .- In.:recen\ 'years 1 an_di ngs . o.f : . the ~~pecles . , ri -~his ' a -c.ea have .. b:e~'n ' .the: . ... _·. ·_ I . . ~\ . .-··: ' .. 
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· ~- .. · . ~ .An.en (i9s9)', ._Haynes. ~np Wigley (1969), ·sutler (1971), s~ndeman · 
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· i-~Ciicated. depth as ~h~ stngle most importaht .. element' influen.cing 
• • . • 0 • • • 
levels· of.shrimp c~t~hes· in ~hat ~rea. 
.. ' .<~~ - .. . . . . . ·o!!--· . ' 
:. Alth,~~gh the· interac;tj,on of environmefltal factors is unclear 
I \ 1j , ~ ' 
~nd likei'y ~a;·iable, a ~refer~ed and rela.tively cold .te~pera~ur~ 
range has been i -dentified . . Jhe species f.avours -t -emperatures .between 
. . . . . 
. ·. . .. ' . 
. 3o ·· and .8°C : (Rasm~ssen 1965) but adul.ts have b~en encou_ntered in . 
· water's a~ ·1 o~· as -l.- _68~C -~nd. as . hi g~ ~s · 11. 13~C - (A ll.eh .1959) .· 
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d_eeP.·er waters where temper~tures are .r_e'lative.ly cons.,tant throughout -. 
. . . . : , . . . . ... · ·· . . 
··. 
. :: ··' '· . .. 
' .. 
,. 
. . ' 
J ' • 
the year, unlike ·the upper water 1 ayers wh~re·· temperature may · ·. '{ · .· 
. ' . . . . ' ·. . . . . . . tl1)·~, . ' 
·. f.luctuate ... ~ubstant.i ally tietwe~n . s:eason? . Butl'er ·(1_~(1_~_, 'in _:e~i e~iTl~ · :· .. 
·. - lite~·~ture on distribution, .i'nterpreted ~ r.ange ·of 9 to._l389·· m· with · 
. : . •. fjshable' conc~ntr'atio~~ ~ormail.Y ·~c~urri·~·g. b·~iw~en -~4·. ~~d . .46o m. . ' 
. . . . . .. \ . 
. . . . . ' . I 
· Parsons.' et al. (1980) found ·• fisha~1e 1 concentratio.ns:· o.ff Labrador 
. . 
·\in .depths. greater·. tha~ 500 ·m. . . ·. · · 
Allen '<i9s9) st~ted. that evid~~ce 
. ' . . . . 
for diel verticai migration 
. . . . 
of pi~k shrim'p has .be~n d'ocumented si.nce .. the early .1900-;s. · In more 
. . . . . . •' 
) • • ' . • .. r • • .. , • • . • • ' • • : ~ • 
recen~ .years these pattern~ . have· be_e·n· -stydied to deter!Jli ne _: times of ~-
optimum dens i ty· on ~r ne-ar ·ttie bottom and the ,characteristics. of · 
t • • : ' ,. . • • .• , . • • ,· . • • 
.. the· verticai' migration '(Apo11onio ,and ·ounton 1969, Barr 1970·, 
' ,\ ' . . . . . 
··. 
: Berenboirri et · al.: 1976:, Ho·rsted l9.78a, ·carl'sson et ~ 1 . ·. ·1978, . . Smidt 
. . . . . . .. . . ·. ' '. .• . . ' ! • . : . . ' 0 . • . • 0 •• • • 
. · .. 1978, Anonymo~s ,19.78; Parsons.J9?,9, Parsons · et' al .. 1980) . This . 
: ... ·. '\' :-
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behaviour is·apparent·ly assoCiated with feeding . since variou~ ·· 
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.· . 
·. investigators have noted pe \.agi c crustac~a as ~n i inporta~~- component.· 
i_n the diet (Ho_rsted .and· Smidt 1956;· Barr 197.0 , Squires.·l970, 
··. " .Butler~l980).. · . 
• '.t • 
. P.rotandri c he.rmap~rodi ti sm : w~s ·first · d~scr.i bed in P. borealis 
. . 
. .. .• . 
. . . 
... 
. ,, 
. . . 
. ·- . 
. . 
by Berkeley-;{'1930). T_h~ animal f_irst functions sexual ·ly as a ma-le·, 
then ~nd~rgo~s- ·a transifional' stage . a-fter wh~~t( it 'sp'e~~s the · rest 
. . . .  . ·. 
o·f::;t~ : lif~ a~ . a fem~le . . Most·. rrialacostr.acans ~r~ ~-ono~hqri_sti~ 
(d~oeci6'us) :~_it~ .gen~tic;:ail; · . ~~t~~inined ~e'k .·~~-~ ~e~er~r de~apods . 
' . ' ' I • • • : • .' ' . I 
. ··: (most _notably th~ ·p~n~~lids) aiJd .two ·fami-,lies ·of isopods (t~~ . · 
... :· . . . ' . : :, . . . . . . •. . ' . . .. . 
. Cymo~ho1dea arid the Cryptoniscidae:) ar.e functional ly 'p.rotaQ~r.ic and 
. -.. . . . . , · .. . · .. 
. ' ·: poss~ss ·.' ov~t·est~s. ( Cha;ni aux-Cotton -1975). In .Panda 1 us .,the 
. . . ·' . . . . ., 
ov~t~~tes. have" tw~--· iii·st i net ~er~i na 1 areas' :the ax:i. ~~ . ~rt. ·giyicfig .. 
. . ,. . . . 
ri ~e to the oogoni a. ana the' ooter 1 ayers p'rod\,lci ng sperma.togoni a... .. . 
. . . . . "' '. 
. Th'e ' timing' of ·sex. c~a-nge is . v:ari~bie. between and ~i .thin .different 
' • • •• 0 • 
area_s and ·~in .some _.cases. the maYe. condition is elimjna'ted altogether. 
. . . . " . 
' • 
Tempe_rature appears to ··be ~he. m~~t· ac~epted ex·p 1 a'nati on . . ·: (Butler -~1.971 ). . 
. . .... .... -~ 
g~v~rning this proc.e·ss ~ith n'orther-n-most ·populations exhibiting . 
: o o o ' o \ o • ' ' I • I' • ' • 
: . · slo~er ··growth and maturation ·· arid . i'nc.~eased longevJty-(Horsted _and · 
. ·. . . . . . ... 
· Smidt 1956, Squir~a l~6s,·. Apolloni~ · an~ · Ounton· ... . l .96~. Haynes .. and 
r~· · • • . . · • • · . , . . · · ' . • 
Wigley 1~69). · However·, population densi·ty ~nd _the .~a le t~ female 
. . . . . 
ratio. have also been. interpreted to aff~ct the timing _ of sex change 
' . . . . ~ . . . ; ... .. . . . . . . 
(Char~~v 198i) . The: m·ale . pha~e las~s .fr~m · 2 · 1f2~ to 5.1/2 -~ears . 
. . ~ 
' 
. · ·~epending o~ ~rye ar~a,•with f~male.~, in. mo.re· _ ~orthern · ?.op.u)ation~, · 
. . . 
· .l i~i ng _up· to 
. . 
:· 1969 ' . ~ut 1 er 
eight year~ . or· l~~g~.r (A.l l en 19S9;-'Haynes and.Wigley' ._- · 
,:·~.;, ·r.' . ~ Sq~·i.res · . (i9~·~·: ·197b·y· s~g~es·~~·P. ~nat ;~ · ~e;y . -~ -. ·. 
. · . .. · . 
. c·oi ~ wat~r . . p~p~l ~t.i on:s. ·aro(fn.d N_ewi~·u~dl .an~. ~orne rna i e~ mi g-~-t. ~ever:. : .. · . .  ·' 
·, 
·. 
. . 
,·· 
. \ . .. . . . . . . 
. ·change sex· and some ·f~males probabiy ·.spawn biennia-l ly.· Th·e egg_-be.aririg · . 
• 4 • , • • • • • • • • 
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~-Kn~wl edg~ 1 ot···the bi o log~. ·o}. the . ~p~ci es: in these areas i.t 
. ..,.. :· . . .. 
also -lacki.ng. Consequently, estimat1on o'f potenti ~l· yield froll) ' 
. . . .· . . 
·. t hese . tes~urces usi rig eve'n. the most ·general qf .fi she.ri es. mode 1 s. 
• . t . . . 
. . 
oft~·n .. requir~s·-input of vital' parameters ·(eg. ·martaiity, wei.ght/ 
· l'erig·t~-... rel atio~-s-hips; .;hi.ch have b~en ~erived -~~~ - ~ther. st~c-~s.· . 
. . . . . ·. . ~ . . . . : . ... 
The - ~r~sent study .was .design.eci to elucidate some of the biologica·l . 
: 'char~~t.eri. ~t-~cs of .sh;_imp· ·i~ : th~se ·ar·e~~- ; to_·~~~~~m~~·e ·w~:a.~ ·_.911t.~il~·ri ,ti~·s · 
: ... a.ndj~t .' diff~~e~ce~ e~ist· b~t~e~~· · ar~a~ · ~·~ ~o·n-~e~t~~tio~ and .tci ·.' ·. 
.. . . . . . .. . ' 
~ ·. . . . , .~ . ~ . . 
. ._ · ·consider the results ·in .·relatiQn to fisheries management. Sue'!):· . .. . .. 
. ..... · 
. . . 
.. 
,. 
:.~ 
. . '
~ · 
,, 
. -· . 
· ' • • • ' .. : - • • • • • :. • •• · , , ~ '. • • • • • • • • • •• : · f • • • • .. • • • • • 
: . ... · .. '-· <. · · . ~·;!),-ogic~i backgro4r{d is: e9'Sential .for the app'liciition a·rid interpretation-· · 
. . . . - ~ . . . . . .,_ . ·. . . . . . 
. . .. ·. : · ... 
. ~ . i 
.·. 
, .. 
• • 1 ' 
. · . 
.. '• 
•• • l •• , . 
. . · 
.. . 
.. 
. · 
•". . ' • • I ' • . : . 
o·f , the various models -·used·: in· resou·rce . asses sinent .. , These a'ssessments · . 
: • • · . •. · "·~·-·· . .. '• ... .. ' ··.·: '! · • ., .·~ .· ... . ~ ..• • • . . · ~ ·. · : . • 
· · provide a tias.iS. for. t~e inl:Jlt'idiscip.lin.ary fllan~geme·nt schem~. which .. J 
I • "' • ' • ' ' • • 
. . . . 
h~s been· ~ppl'ied to the. northern .shrimp t'ishery fn r'eceri~ · ye'ar~ and: 
. . . . . . .. . . ~ . .. : 
in which ,il\dustry plc}ys. an ·a~tive role . , . 
. \ . . . : ) 
R~sea.rch cruises to the ·Labrader· otrshor~ :a~·e·a ·from 1979 ·to ·· 
·. ' . . ... . '; .. -· .. . • !; . . 0 : ; • • - • • • • • 
1981 were cies.igned to . det.ermi~e the details . of shr.fmp djstributiorr .· ... 
. : ·~ . • .. •. . .. ·. . • . . • . . ' . • ...... f . . . ·. ' . -1 : 
in: .t_~e Ho))ed~ l~ l - Cartwri~ht, and H_awke · _ch~nn.~ls . ... ·T1e·. ~ata _o~~ain~d ~ 
-perm·it a: gen~-ral ci~s~ri~tion of shri!JIP .d.ist.ribut_ion in 'each chan·nel 
' . . ' . . . . .. . . ·. ' 
·and a 'comparis~n betw~~n yea~s . ~as well. Re~~t'itive fis~ing in ··. -~~t(/' . · .. ' 
. . ·: . . . . . .. ' . . . . . . . . . •·. .. . . . :,:·. : :'. 
. · ··sp~cifi c·· ar~as fn '1980. and .1981. was <;:arr.i ed 'out' to dete~mi n.e · patterns " · · 
. . :. . . . . . . . ·. . . . . ·. . . 
of. ~iel variabi·.l i ty T~ ~ catch r~tes . · .. St~atif.i cat.ion· of .a'r.e?S 'of . 
~hri mp' coricentrati on ·by depth was . employed' to .· determine zones .. of . . .· 
. . . . • . . '! . . . . . . . . 
max·i·m~~ d~~s;t:;· -~~d ·:inv~stig~te · p~s.sibl'e . . ch~n~es ·in ·s\ze· -~ith ·· .. 
~ . . 
depth. ''.· ·. 
,. 
· . . 
. , 
~ampling of. ttie .. shr.iinp catch~s _'from ea.ch .fi.~hing set included 
. ·. : 'dbs~rva'tio~- of ·the deta·i.ls · o(sex -and matur.it;; from ' ~ach area of.: . 
. .. 
··:· 
. . 
. : . 
. . . .. . . ·. . . . ·:-·. , •. ·. : . . . . . . . . 
· ·.· :· concentration. · The data enabled· comparisons of these 'characters to 
' • • • • • • • • • • • . \ • • :. : t • • • • •• • • • • 
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ade .between an.d within ar~as . .' The · ~ossib~lity. of change.s· i'n ~ 
d rriaturi~y du~ to ·fishing·. is al.so d.is~ussed . " . · , 
. ,· 
·.· .' · · ~a pJ~s .'we~e ob.tai~~d for eac~ .channel· to· dete'tm'i'n~ ·weight-ie~gth 
. .. 
• .. 
.' 
: .. 
' · . 
. \:. ' ' 
.· 
J 
·. . . . . . . . . . . . . . . . . . . . . . . . 
. · · ·, : · .. · a'{ fee· . dfty- l e~~th . r~· ati o~ship~·. .These. d~~a· are · c·ompare.~ statistically .· 
· for pos-s i b 1 e differences .b~twe~n · a~eas and year? ·~nci within·· y~ar~. 
. .. ' 
. . . .. . , . : ' . _. .. 
· ·: A. d~scrip'tive. comparis.on o.f t 'hese re1a.ti~nships Js made _'·w.ith those ·.' 
of. n~r.thern· sh~~~P: populat:ions :in·. ~~~e~ ·p~i'r~~ o~. th~ ~or1:~::·;· · . 
). . . \ . ~ . . . . . 
. . . ' ·. ... , . . . . . :\ .· . 
Fo·oct:: and feeaipg: of _the .northern .. shr.imp· iri vari .ou~ areas: .hqve · .. . 
'· 
. -... . ... : . . · . . ._.' . . · ... : .· .:. .... ·-·. · : . . :- · : · . ... :·. · .. 
been. a~soc·i a ted witry · b<;>th the benthic ·. ~n'd pe.1 agi c · tones. . A gen~r:aJ .. · . .-
: .. ·. II • . . . . . . ~ . : • • • .' . ."" • , .. • . • ' .• .• •• • . . • • . . : 
. ' 
. descriptfon o'f .. foo~ and . feeding· f6r shrimp., in' .the'· ~abr.ador: charmels 
. ~·. • ~·s · ,prov,i ,dect ·~ith so~e· .. ~ompari sons betwee~· · ~r~a·i. a'nd ~exuai c~hd'itiqn,:. A' • • 
• • • + - •• • • " ·. ~ : • •• • •• • • • •• • 
· .. P~efiminary :;n~e~tiga.tions are. ·m~de· .of :· two parasit'ic inf~cti:o~:s · > · ~ 
· ·: .of · ~o.~th'~:r~· .sh~imp . . · . On~ i ~~ects: .. ~~~· :~9~·s :·ca~~.i~··.by . t_he·.· f~mal ·e ·. ~'n~ : ~ : .. · : 
. . . . . . . : ·. .- '• . . . . 
. . re·pr'esents a 'potent·i a 1 . for· reduced. fe.cu~di ty ·~n.d possib.ly . recrui tf1!ent 
. ' . . ' . 
failure.· .A. ,~imi.l ar ' condition: ~as be~p described ·in shrimp eggs · 
" . . . . . . _; . . : . . . . . i - . ·. . . . . . . . . ' :: . 
from the Gulf of Maine .(Stickney -1978). J T-he ·other exten~ivelY. ·.· .. .... 
i.~fe.~ts ·th~ .'st~ia~·ed . m~s~r~ : of'-~h~ sh~~mp; . .'·g:iv.~ng - -~~e: · m~icl·~ !!~.': ··~ :: . 
.. . . .. ·.. . . . .. : : . . . . . 
.~paq·ue· ~r · to.riked · ·~PP~~rance·: .... Aiiho~gti ·inf .  ec.t.i6n·:·rates · appe~r to. ·· 
.. b·~·· ,~w~ .·~h~ ·~ondi~i~n ~epr~s-en.ts ~- ~ot~~ti~,· :. for · : iry~r~as~·d · ·~or~a·l·.ity 
. · . . · 
-. . ' . . . . ' .. .. . . ·.. . ~ . . . . . ·. . .. . ' . . . . 
· · ~nd· possibly. a:. quafity" con~rol.pr4)b1em : for. .the ·industry 1: · especi~lly ..... : ~·f epid~mics · o~c.ur/ .· ~ .·s:~~{i·~.r . ~on~iti··~n · f~r: ·~anda1us .;'j~·ri:la~i · \ n·-. · ... ·; 
., the .Paci ~i c · h~s . bee~ · re lateg . to .infection ·~Y :a mi"c-r6s~~~~ q·i.a~ · ·, .' . · 
:: ··?: . (Joh~sto~ ;et .. al·: 1~?8)· . • .: . · · . ·· · . • .. :::. · -~ ·. ·t~ ·.·. ·: ·. ... ·. . -. 
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METHODS· AND ~(\TERIALS ': · 
· .. 
. ' 
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'· 
··1 : 
•' ,· 
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·. · .. .-
' ,! •' I o • 
Dat~ · on theAi ~tri.but i o~ of · shrimp off . coast .a 1 ·Lab,rador- we~e 
• , I , , I ., • ' #,..,: ... • . • ' 0 • 
collecteg during)ul y._·fesearch· t~a~l surveys of. . th~ M. V. ZAGREB· in . 
' ' o \\•' • o • ' o o I • • o' o ~ • .' ' , _,•' . • , ' · ' o o 1 • ',. '• .: o o • o o • I : o ' o • 
'._ . . J!:t7~· a~_d. GA~ _ ~JLA~TICA in l980 __ and. _l~~l. .. Bot~ v_~ssels u~e~ a ._·· 
:\ _: .. sp.utnjk. i.600 ·shr1~~ ~~~wl. (A~p~-~d-iX)). ~i~ed in · th~ la~t 6 m of · c~d . . .. 
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by ·af!aly·s.is of _covariance . . ·Homogeneity ·ot vari~nce .was· determin~d -: 
• ·I 
. . . 
.. .. 
. . 
. ~ - .: 
. ·~ . 
., 
·. . . 
' . 
' .. 
. . . .. by .F. t:~st:- 'and. ~ar~l ett I~. tes~·. (-d~s~ri'~~d - :j-~ . ~,~eq~-~~; .: a~d ;co~-hra~~ ;. ~ : . . . ,. ... . . .. . 
..... , .... 
I • ! ~. 
. ~ . . . 
I • • • 
,., 
..  
• ··~ ' •! • "' • 
; .· . 
. , 
0 . ' • 
: .. . . . 
' ... ·· 
... 
, .. 
. 
'. ,' 
: . ·= 
·.#, : 
:" .. 
.. . 
' . . . 
. ' 
\ 
. ' 
• • I , ~ ' • o • 
· · · :·1~6J)< :<. ·.·> .. :·.·:_.· .. · : .. · ........  ·.· .: ·.: :-: 
.. . · . .:,. .. ·. : . • . -~ . . . \ .· • •• ·: • ,J • •. ·. : 
. . • · Ace(! racy Qf the .~ounts wa~ determ1 ned by recount i n·g .the. eggs 
• # • • ~:~ · • • : • • •• f • • • • • 
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• • • 0 • • 
.. . .. 
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·These eggs .. we.re smeared· under a ~ -cover~l ass' and· ."car~fully · scanned '. 
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f~r. ~h~ prese~ce . .o~ abse~ce of paras1tes~ ... r:· .. · . . · : . 
. P.h.oto~i crogr~p-hs ·of. pre·s·~rved ·. u-~st~ i ;~d . aAd ~t~i ne~· ~-ateri a i .. 
. . . . -.. ~·-. ·. · .. ·. ·., . - . . . 
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Catches per s.tand~rd. fishing · tow .for each channel ·tor 1979-81 
.. ~o~~~ ned ~ a~~--- fo;· ~ac~ -Y~~r ~r~· show~ : fn ··.F·'i gu·r~s - -~, .4·;. . ~nd ~-. ·. Where . 
.. 
· p~~-itfons · wer~· approxim~tel; 'the ,saine, t.'he 
.\ ·me~n : ~~~-- . a_1·1 .':c;~~~~ . d~ia: :co~bi ~~d.- . .-
leve 1 ·.giv~n · re~presents · 
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•• • • • • ~ •• ~ • ' t 
. . . . ·The '-Hbpedal ~ Chan~el : is >a large . ar_ea ' extendi.ng :~pprox5mate-1y . 
· 1~0- ·-~ -:~h- a . ~o~i~:w~s~~s-~~th-~as_t '_-dir~~tio~ (~:;g·.-- 2a). -. - F~~ ·su·r~ey 
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. . . , . :: . . . .. . .· . .. . 
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. . . / . . . . . . .. 
.· ·: . 
Abundance of shrimp' was . a.l ~-ci )ig_h . i ~ ._the .· de~pest s_tra,ta . (> _sqo ni) . . 
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Fig.20. Occurrence of opaque~ non-viable eggs among healthy eggs of 
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F1g.21. Parasites observed in smears of shrimp eggs; a) unstained, 
b) stained with Giemsa colophonium. 
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. ·:· · P_r·evaJerice of..parasitism. v~ried. _f.rom 0 t~70%. A·'total .of 122 . 
' ' , . , , I ' I · • 
' ' 
' , 1. 
. . (2?. 59%) · of _the- ~4o ·· n~~-~-i.abl ·e .: egg~· ex.am1ned co~tained the_~~ _p~rasi'te~ . 
. ·. . . . . ·' .. · 
·. There .. wa~ .no .. apparEmt .reiatioriship .. betw~en -:th~ .-size of the .female ·· · ., .. .I 
• • • • • ' · '. • • • " • • • •' • • • • 0 • • f -~ : 
. _· · ·· . . · .. ,.. · .. ~nd ·either · p.~rc~~t: n~n.t~-i·abl ·~ ; or percent non·~ vi abl.e-··; ~f~cted - ~ggs · -· . , '(1:,.\ 
. . : _.-._.  . ._ ·. ' ·.··... : . _. .. ..... : ·,i~;_ .. ;-.. · . . ' : : . . : :· . _. -.' .·· .· -~ : . 
. · ,!. (F1g •. 22~, b) · . ,. .\ . -~. - _ . ·· . .. . ._ . . , . · · ~ 
.. ·. . : : ' \ . . . . ' . : ' . ' _.. . ' . ·: ' . _. . . . . ,· . :' .. . . . : '. : .-., 
. Inclu~~d .. in a 1 d~ubtJul._1 • ca,~egory' · (not:' cons·idere.~ .a~ove) w~e .. · . ·,. . ":;,· 
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.. :'. · ... : , . ·: -: ·.: : .' ·_. ~~i c~·:.w~re -: ~-~ f~i ~u'l t· ~o:. ob~~rv~· (fig: . . 23) .- .. . ·These ·2e.i,i~ ~~r.e- a·~~r~x.im.at:e·l~ : . :·.: :·. · . ::~~;· . 
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. . .. . . . . . . . . . , .. ·. 
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Muscle Necrosis :·. ··i~ . :·-- . ·. . . · 
_-·._.  :··shrimp w~th -n~r~~l- ~nd . abnor~al · muscle _ :a~e ·~how~ · .in_-·~ig:~~~~~-
. . The ;d·i~,e~s~~·.:· ~ni~~ls··.w.~r-e e~si~; :~epa;~~~d - ;~~~ .' .heal~·hy :' . o~es~ . . < 
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·-.· _ a:~~- _occ~~r·e.~ ~~~: ~~,~- 1~-'_~h~ -- :~d~ml_~~~ -. m~~~-l~ ; ~u~ - 1~ ~~-a~--~~r _ mus~les- .. . · ·\ ~·.·-. 
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: . • ~- • • : • . .. : • ' • • • • ,' t \ • • • . • • • • ~- \ • • .. • • ~ • • • • : • ;; : 
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S~m. 
Fig.23. Small spores observed in shrimp eggs (not included in infection 
rates) stained with Giemsa colophonium. 
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Fig.24. Normal a) and abnormal b) striated muscle of the shrimp 
Pandalus borealis . 
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Jable 13 . . Prevalence · of opaque muscurl ature · in Pandai us borealis 
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lO~m. 
Cross-sections of normal a) and diseased b) abdominal muscle 
stained with hematoxylin and eosin. Fig.2! 
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n ~ 20) . .. The other· two· s~·r.imp corrta.ined larger. spores with rounded 
. .:ends whic.h me~sure~-.: 3.. ·9 X 2 . 4 1Jii\.· (3 .6~~ ~.4 · ~ ·· ~.4~2 .. ' B.pJ!l;· n· ~ ~0.) . ... :· . 
• • ~ • • • • 0 • .. • 
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These obser,vati.ons were.made .from smears of· fixed. mater::i a.l. ·: ·.£1 ~ctr~n 
. .. . . . . . , • 
4 • . . , . ,. 
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·micrographs of the sniall s·pores are· shown in H g: 2~. 
: . :·· . .. . .. ·: :..: . . . . . . .· . · .. :. ·.: ·, 
Seen in· cr.oss-s'ecti.on of, muscle· ·~; ssue .' ( Fig ~ . 25b), · spore's · 
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